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(54) Coating method utilizing a polymer film and method of making metal-polymer laminates 



(57) A coating layer of a polymer capable of forming 
an optically anisotropic meit phase is formed by heat- 
pressing to a base material a film made of the polymer 
and having a segment orientation ratio of not greater 
than 1 .3 and then separating the film Into two halves so 



as to leave one of the halves on the base material, 
thereby obtaining a coated material made of the base 
material and the thin coating layer. 
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Description 

[0001] The present invention relates to a coated material having an isotropic coating layer that is obtained by peeling 
a portion of a film press-fitted to a base material such as a metal foil and made of a polymer capable of forming an opti- 
5 cally anisotropic melt phase, and a method of making the coated material . The present invention also relates to a metal- 
polymer laminate obtained by peeling a portion of the polymer film firmly sandwiched between metal foils, in a direction 
thicknesswise thereof, and a method of making the metal-polymer laminate. 

[0002] In the description of the present invention, the polymer capable of forming an optically anisotropic melt phase 
is referred to as a "liquid crystal polymer"; the film made of the liquid crystal polymer is referred to as a "liquid crystal 
10 polymer film"; and the coated material is intended to mean an article of manufacture formed with the liquid crystal pol- 
ymer coating layer by coating the liquid crystal polymer to the base material. 

[0003] The liquid crystal polymer has been well known which has various advantageous features including (1 ) a capa- 
bility of being thermally bonded directly to a metallic foil layer; (2) a high resistance to heat; (3) a low moisture absorb- 
ability; (3) an excellent dimensional stability to thermal change in size; (5) an excellent resistance to change in size 

15 brought about by moisture; (6) an excellent property in high frequency characteristic; (7) a fire-proof property with no 
need to add a flame retardant containing a toxic halogen, phosphorus, antimony and others; (8) an excellent resistance 
to chemicals; (9) an excellent resistance to radiations; (10) having a controllable thermal expansion coefficient; (1 1) a 
flexibility at low temperatures; (1 2) a property of a high gas barrier (a considerably low permeability to a gaseous mate- 
rial such as, for example, oxygen), and so on. 

20 [0004] In recent years, demands have been arisen to use such excellent liquid crystal polymer as a coating material 
to be applied in the form of a thin film to a metallic foil layer, a silicon plate or a ceramics plate to provide a base material 
for a precision circuit substrate, a multi-layered circuit substrate, a sealing material or a package can. In addition, 
because of the resistance to heat and chemicals, the low moisture absorbability and the gas barrier property, demands 
have increased for the use of the liquid crystal polymer as a coating material that can be utilized to form a protective 

25 layer on a metal susceptible to corrosion. 

[0005] The first problem in utilizing the liquid crystal polymer as a coating material will first be discussed: 
[0006] To form a thin skin film of. for example, a synthetic resin oVer the surface of an article of manufacture, various 
methods have been known such as. for example, a lining process and a coating process. The lining process and the 
coating process are known to be distinct from each other because of the following reasons. Specifically, the coating 

30 process has a primary objectivity in decorative purpose to form a continuous skin film over the article to thereby protect 
the article from corrosion and contamination and also to provide the article with an appealing ornament and is also often 
used to form a film for imparting a non-adhesive property and a low frictional property. On the other hand, the lining 
process Is a process of forming a protective thick film on vessels (baths) and tubes or pipes that are used in the chem- 
ically and/or physically severe environment where corrosion and/or erosion are strictly desired to be avoided. However. 

35 the coating and lining processes have features so common to each other that the line of distinction can hardly be drawn 
therebetween. It is generally recognized that the skin layer having a thickness of 0.5 mm or more is classified as a lining 
whereas the skin film having a thickness of 0.5 mm or less is clasaf led as a coating. It is also generally recognized that 
the coating is to form a film of several tens microns mainly on a surface of a structure whereas the lining is to form a film 
of several hundreds microns. 

40 [0007] In either case, the present invention pertains to a technique of forming on a base material a very thin film of a 
liquid crystal polymer to a thickness of 25 ^m or less, particularly 15 jim or less and may therefore be said to pertain to 
the coating technique. 

[0008] As one of important properties of the coating, attention is centered on the durability of the coating against 
change in temperature and, however, this leads to a problem of how the difference in thermal expansion coefficient 

45 between the coating and the base material bearing the coating should be resolved. While the coating process includes, 
inter alia, (1) a dipping method, (2) a flow coating method, (3) a curtain coating method. (4) a roll coating method, (5) 
an electro-deposition method, (6) a brush coating method, (7) a spray coating method and (8) a gas-phase coating 
method, none of these known methods can be utilized to form a film of a liquid crystal polymer by the following reason. 
Specifically, due to a unique property of the liquid crystal polymer in that molecules of the liquid crystal polymer have a 

so propensity of orienting in the same direction, the liquid crystal polymer molecules tend to be oriented in the same direc- 
tion when a force is applied to a molten liquid crystal polymer being applied to form a thin film. Considering that the 
physical property such as thermal expansion coefficient measured in a direction conforming to the molecular orientation 
is considerably different from that measured in a direction transverse to the molecular orientation, that is. the liquid crys- 
tal polymer has an anisotropy, it is inrpossible to render the coating-bearing base material and the layer of the liquid 

55 crystal polymer to have the same or substantially same thermal expansion coefficient in all directions on a plane. 
Although the prior art coating process is capable of providing a liquid crystal polymer layer of a large thickness of, for 
example. 50 jxm or more, it has been found that the resultant liquid crystal polymer layer has an anisotropy and is there- 
fore incapable of being used as a practically utilizable coating. Nonetheless, no technique of forming a layer of a liquid 
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crystal polymer having an improved isotropy to a thickness of 15 ^m or less have hitherto been made available. 
[0009] The second problem will now be discussed: 

[001 0] Circuit substrates or the like that are generally utilized in the field of electronics make use of a metal-resin lam- 
inate prepared by press-bonding together a foil layer of an electroconductive metal and a film-tike insulating material (a 

5 film or a sheet with or without a metallic foil layer coated thereon) having an electrically insulating property. The metal- 
resin laminate is available in the form of a double-sided metal-resin laminate in which an electric insulating layer is sand- 
wiched between two metallic foil layers and of a single-sided met al-resin laminate in which a single metallic foil layer 
and a single electric insulating layer are bonded together. The liquid aystal polymer having the excellent properties as 
discussed above is generally recognized as an ideal material for the electric insulating layer used in the laminates. 

10 [001 1 ] As a method of making a metal-polymer laminate without diminishing the excellent properties of the liquid crys- 
tal polymer, various methods have been well known, (i) Specifically, in the case of the double-skJed metal-polymer lam- 
inate, the method is known to comprise sandwiching a liquid crystal polymer layer between two metallic foil layers, and 
hot-pressing the resultant sandwich structure with the use of a hot plate or a hot roll to cause the liquid aystal polymer 
to melt so that the metallic foil layers and the liquid crystal polymer layer can be thermally bonded together to eventually 

75 provide the double-sided metal-polymer laminate upon solidification of the liquid crystal polymer, (ii) On the other hand, 
in the case of the single-sided metal-polymer laminate, the method is known to comprise sandwiching a \\qu\6 aystal 
polymer layer between a single metallic foil layer and a single release film, hot-pressing the resultant sandwich structure 
with the use of a hot plate or a hot roll to cause the liquid crystal polymer to melt so that the metallic foil layer and the 
liquid crystal polymer layer can l^e thermally bonded together, and removing the release film to leave the resultant sin- 

20 gle-sided metal-polymer laminate. 

[0012] While the prior art method of making the double-sided metal-polymer laminate is satisfactory, the prior art 
method of making the single-skied metal-polymer laminate has a problem in that since the release film has to be 
removed and is then discarded, manufacture of the single-sided metal-polymer laminate tends to be costly Moreover, 
since a high temperature of about 300°C is required to melt the liquid crystal polymer in the practice of making the sin- 

25 gle-sided metal-polymer laminate, the release film used must be chosen from highly heat-resistant films made of an 
expensive resinous material such as. for example, Teflon® or polyimide. and increase of the manufacturing cost brought 
about by the use of the expensive release film has made it very difficult to manufacture the single-sided metal-polymer 
laminate on a commercially profitable basis. 

[0013] On the other hand, demand has arisen particularly from electronics concerns for availability of circuit sub- 
30 strates having a more reduced thickness. Since as discussed hereinabove the liquid crystal polymer is suited as a 
material for the electric insulating layer, realization of a circuit substrate comprising a thin layer of the liquid crystal pol- 
ymer and a thin foil layer of metal is persistently longed for 

[0014] Although a film of the liquid crystal polymer is often required for the thin liquid crystal polymer layer, the liquid 
crystal polymer film if manufactured in a usual manner would have a molecular orientation dominantly in one direction. 

35 The film having the molecular orientation dominantly in one direction tends to be easily torn in a direction parallel to the 
molecular orientation and also tends to exhibit considerably differing thermal changes In shape in respective directions 
parallel to and transverse to the molecular orientation, that is, to exhibit an anisotropic film. Therefore the liquid crystal 
polymer hitherto available in the market can hardly be used as a material for the electric insulating layer in the circuit 
substrate. However, as discussed in connection with the first problem, it is difficult to form a film having a thickness of 

40 1 5 ^m or less with an isotropic liquid crystal polymer for use as a material for the electric insulating layer, and much dif- 
ficulty has hitherto been encountered to form a film having a thickness of 10 pm or less. No report has hitherto been 
made yet which show a success in making the isotropic liquid crystal polymer film having a film thickness not greater 
than 10 jam. 

[0015] Accordingly, the present invention has been devised with a view to substantially eliminating the above dis- 
45 cussed first problem inherent in the prior art coating methods and is intended to provide a means for forming the liquid 
crystal polymer coating, particularly the liquid crystal polymer coating having a reduced thickness, in which a probleni 
associated with the anisotropic molecular orientation is resolved, that is. having an improved isotropy to thereby sub- 
stantially eliminate the first problem discussed hereinbefore. 

[001 6] Another important object of the present invention is to provide an improved method of making the single-sided 
so metal-polymer laminate in which no release film is required, to thereby substantially eliminate the second problem dis- 
cussed hereinbefore. 

[001 7] A further important object of the present invention is to provide an improved laminate comprising a metallic foil 
layer and an electric insulating layer prepared from the liquid crystal polymer from which a problem associated with the 
anisotropic molecular orientation is resolved. 
55 [0018] According to the coating method of the present invention, a film prepared from a liquid crystal polymer and 
having a segment orientation ratio (SOR) of not greater than 1 .3 is hot-pressed and. hence, bonded to a base material 
to provide a layered structure. The liquid crystal polymer film is subsequently peeled off from the layered structure so 
as to leave a thin ply of the liquid crystal polymer on the base material. In this way, a thin liquid crystal polymer coating 
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15 



can easily be obtained. nnivmpr left on the base material according to the 

Soi 9] A coated material having a thin coating of the ''^"'^^^^^^^^^^^^ meft layer having an cptically 

invention comprises a coating of the '"^.f .^JJ^^^^^^^^^ not greater than 1 .3. In a pre- 

anisotropy. in which the segment orientation f ^^^^^^^^ layer referred to above has a th-*n^ 
feired embodiment of the coated matenal of the P^^f"* '"^^"^^^^ ^ the present invention has an isotropic molec- 

hereinbefore. . ^ ^. ^ ... . herelr*efore and hereinafter is an index descriptive of the degree 

[00201 The term "segment orientation ratio ,,„,L .he standard MOR (molecular orientation ratio), a 

and available from the KS Systems • . mm jg first measured. 

of the microwaves transmitted a microwave generator 63 capable of generatr^ 

10022] The measuring apparatus indicated 61 F'^^^^^ ,. crystal polymer film 65. a microwave resonant 
Lcrowaves MW of a predetermined «^^f '"^'etCr^^^^ resonant waveguide 64 has an interme- 

, waveguide 64 and a penetration strength detecting "^J^^f ®!5^^^^7^'^ ^ lie vertically with respect to the direction 
Sfportion thereof at which the liquid crystal polyme ?f ^^g^^^^^^ ^ .e^ined for rotation in the direction 

o propagation of the microwaves m. The ^^'^^l^^^X^^sM^N by means d a rotary drive mechanjm 
Rinaplaneperpendiculartothedirectonof p|^^gaJono^^^ V ^.^^^^^ ^.^^ ^ ,^,e 

(not shown). The microwave resonant *f^J.9"t„mi^^^ WIW penetrating through the liquid crystal polymer f drn 

s U«ite ends of the waveguide 64 for ^^^'^^^ Srnr?^^^^^ "^^'^ ^ P'"'*^'*'' TSn 
6?to allow the waveguide 54 to undergo ^esonanca The s^i^o ^ ^^^^ ^ 

the liquid crystal polymer film 65 can t^J^^^fele^^^^^^ 68alposed at a predetem^ined position rean«ardly within 
strength detecting means 68 .nclud^ a dete^^^^ 

the microwave resonant wavegu.de 64 '"'Spacer referred to as an "index of refraction") can be cal- 

30 [00231 Based on the resultant measurement, am value (hereinane 

culated from the following equation: 

m = (Zo/Az)x(1-v„ax/vo) 
. whereinzoreprese^ad^ce^x.^^-^^^^ 

tiS strength can be obtained When the a^«^^^^^ 

[00241 The segment onentation ratio (SOR) can oe caiouia 

«> SOR = mo/mgo 

indicated by R in Fig. 6 relative to the direction °"^^S°s the object are most oriented and in which 

55 ble from the Sigma Publishing Co. ^ , , , :„h. for examole well known thermotropic liquid crystal 
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pounds have their proper combination and amount carefully chosen. 

(1) Aromatic or aliphatic dihydroxy compounds, representative examples of which are shown in Table 1 below. 

Table I : Chemical foraiulas of the representative examples 

of aromatic or aliphatic dinvdroxy compounds 




HO(CH2)aOH (n: an integer from 2 to 12) 



(2) Aromatic or aliphatic dicarboxyilc acids, representative examples of which are shown In Table 2 below. 
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Table 2: 



HCXX 



HOOC 



Chemical formulas of the representative examples 
"rnmatic pr ^Hphatic dlcarboxvUc acids 



COOH 




HOOC 



HOOC— OCHaCHzO 




HOOC 

^""y-COOH 



OOH 



H0OC(CH2)nC00H (n: an imcgcr from 2 to 12) 



(3) Aromatic 



Table 3: 



hydroxycarboxylic add. representative examples of which are shown in Table 3 below. 

Chemical foimulas of the representative examples 
nf ^T^rr^^^r. h Yriroxvcar> ioxvhc acids _ 

(X: hydrogen atom or halogen atom, 
or lower alkyl, {dienyl or like grotqK) 





COOH 




OOH 



(4) A«,ma1ic diamines, aromatic h^oxyanvnes and aromatic aminocarboxylic acids, representative examples 
which are shown in Table 4 beiow. 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



Table 4: Chemical formulas of representative examples of aromatic 
diamines, aromatic hvdroxvamines and aromatic aminocarboxvlic acids 




OOH 



(5) Representative examples of the liquid crystal polymers prepared from any of those starting material compounds 
include copolymers having such structural units as indicated by (a) to (e) In Table 5 below. 

Table 5: Structural units of the representative 

examples of liquid crystal polymers 

(a) ^00--^^^^^^ 

co'' 



0» 



<c) 




(e) 



^OC_(^Oc)-/A-Q-NH^ 



(X: -0-.-CH2%-S-orlike groups) \_/ ^"^^3"""^^ 




[0028] Those liquid crystal polymers preferably have a transition temperature to an optically anisotropic melt phase 
within the range of from about 200 to about 400°C. more preferably from about 250 to about 350*0, so that the resultant 
film can have a desirable heat resistance and a desirable processability. Unless physical properties of the liquid crystal 
55 polymer film are impaired, one or a mixture of various additives such as a smoothing agent, an antioxidant and a filler 
may be added thereto if desired. 

[0029] The film prepared from any of those liquid crystal polymers discussed above can be made by the use of one 
or a combination of the well-known T-die process and the well-known inflation process. Particularly with the inflation 
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25 



35 



45 



SO 



55 



direction and. therefore, the inflation method is eSSe toSli / Perpendicular to the MD 

balanced physical and thermal propertii^ to^cf the MoTd T^dTSr" '"'^"^^^ '^"^ 

ratio (SOR) greater thar, 1.3 is used as a coating SSl^^^^^^^^ '^"^ ^^S""^"* °"entaL 

anisotropic liquid crystal polymer coating layer is hSto rSriis S T'" "^^^ '"^^ 

polymer coating layer. This is a fundamental behavior of mo3irI tt,TiL"S ^" '^"^"f"'" ^^"^ c^/sta/ 

0 present invention have experimentally confirJSX 2^*^^*?.? T i^/entors of the 

heated to a temperature 3S»C higher than hTmStSS ibn^ ^f" ''"^ ^^'^^^^^ «««"9 ^ 
isotropic liquid crystal polymer. « '"^"'"a PO'nt of the liquid crystal polymer, it would not transform into the 

10031] The base material to which the liquid crystal polvmer fUm i« annii^ v. 

such as. Ibr example, metal, glass or ceramics. orSy o^lTc S^S^^ T ""T °f ^"^ "^''"'^ 
' ers. provided that those materials have a softei^ina obi^ h^l^lT^ !^ ' P'^^*''^^' textile fib- 

is fusion-bonded thereto. It is to be not^ that mXd aS^^^^^ "'"^'^ "^"'^ ^y^'^ P^'V^er 

material. By way of example, for the purpSe of So^iSa^^^^^^^^^^^ ''^'"'^ " ^ase 
physical properties, frictional resistance surface wSi?v^ ^^"^^ ^' bondability; 

solvents, affinity to solvents, aesthetic an^I^n "irr:!™^^ P^^P^'*^- ^ chemicals > resistance to 

f flier or gtess cloth or without filler or gSa^ ZTu^^ll ^ ^"^^ "^"^^ ^ reinforcement such as 

of the base material. ^ ' "^""^ ^^^^^ ««*'"S '^yer may be provided on the surface 

prise the base material. Material for the mSLlSmay^eS^^^ f ^ '^^^^ °«^" «'^- 

and is preferably chosen from the group consisSm dTr eLmniP ^^^^^ °* ^ """^ connections 

brass, magnesium, molybdenum, a copp^i^Si^LTo^^^^^ n ""P^' i™"- ^«el. tin. 

bide alloy, graphite and a mixture therS ^' '^^PP^'-^^y'"""' a«oy. a nicl«l<hromium alloy, a silicon car- 

SrJrstrh:t?~ 

film Of the liquW crystal polymer on the SseTtS ^fe SfjSif ^° '° '««^e a thin 
can be accomplished only when tt^e intia-lay J^^SS tJJ^ i f ^ P"'^^''^' ^^P^ of coating 

is utilized. The term Intra-layer sef^rJl^'Z^t^^^.nlT"'^.' "T^ °* "'^"'^ ^^V^t^" Po'^^^r fflrS 
rated to produce mica-like thin f lakVs of liquid costal pS l^^^^^^^ P"'^"'^^ '>«"9 '"'e^nally sepa- 

hot-pressed and. hence, fusion-bonded to the base SaTv^^^^^^^ '^''°P"= PO'^mer film to be 

separabflity. the heating tenperature shouW not be fn^S to 117 ^ "T^^ ^'''^^"e"* 'nfra-^yer 

liquid crystal polymer. ^® increased to a value equal to or higher than the melting point of the 

KmaTi^s^er^^^^^^ 

rabillty. Also, where after the liquid crystal ^j^ySS^^Xt^^^^^rJ^ ' '""^-l^y^^ repa- 

ir) face-to-face relation with ea* oth2 the LeTatrSsuch^nv l?'' TT '""^ """" °^«^'^P«^ ' 
perature not lower than the melting point of the liS c^^oolv^^^^ T'"" ^^^'f^^^ together at a tem- 

pr^Sa^prS^^^^ 

s ofr^^iTcsrfo'"^™^^^ rrr "'-^ '™ — - 

facture of the liquid crystal polymer CrT^Z oT^Zt^^^ '"9«"eral, manu- 

circumstances. the liquid crystal polymer coaC^er J^^^^ depending on the 

a peeling process to induce the intra layer seSS Ze^t^ScI ^ V'"^^ manufacture which does not require 
uid crystal polymer coafing layer of 20 ,m or Sr inSS^^^^^^^^^ Tf'^ '"P°^"* *° P^^P^^ 'i^- 

-^^-^^^^^^^ -ed v^ere in .s applica«. 

required. Acooidingly.ino«lertoprovidetheisotropS^liSS Polymer coating layer is 

not greater than 20 jxm. preferaWy not greater than1 5 Z ml^ZZ^l? T ^.^""'^''^ '^"^"S ^ ^l^'^^^ 
ance with the present invention fe the sole effective mSoSto1SS?Sre? T""'.°'"^^ 

lu accompiisn It. With the coating method of the present 
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invention, the liquid crystal polymer coating layer may have an extremely small average thickness, the minimum value 
of which is close to zero, and the liquid crystal polymer coating layer having an average thickness of. for example. 1 \im 
or smaller can easily be manufactured. Under precisely controlled conditions, it is possible to manufacture the isotropic 
liquid crystal polymer coating layer having an average thickness of 0.1 inm or smaller. 

5 [0038] In the coated material having the isotropic liquid crystal polymer coating layer according to the present inven- 
tion, the isotropic liquid crystal polymer coating layer and the base material on which the isotropic liquid crystal polymer 
coating layer is applied preferably have the same or substantially same thermal expansion coefficient. 
[0039] As discussed in connection with the problems inherent in the prior art, the thermal expansion coefficient of the 
liquid aystal polymer coating layer is preferably as close to that of the base material as possible. In particular, if the 

10 dimensional change between the base material and the coating layer relative to a temperature change of lOC'C is 0.2% 
or less, the liquid crystal polymer coating layer can satisfactorily be used as a precise coating material for the electron- 
ics component parts. Accordingly, the fact that the thermal expansion coefficient of the isotropic liquid crystal polymer 
coating layer and that of the base material are substantially equal to each other speaks of ±20 ppnV^C (that is. 
±(2/1,000)%/**C). Thus, the simplest method to render the thermal expansion coefficient of the liquid crystal polymer 

IS coating layer to be as close to that of the base material as possible is to make the thermal expansion coefficient of the 
liquid crystal polymer film, which serves as a material for the coating layer, equal to that of the base material. However, 
even though the liquid crystal polymer film and the base material have respective thermal expansion coefficients differ- 
ent from each other, heat treatment of the liquid crystal polymer coating layer fbmied by the use of the liquid crystal pol- 
ymer film is effective to render the respective thermal expansion coefficients to be substantially equal to each other If 

20 during the heat treatment the heating temperature is very precisely controlled, it is possible to allow the base material 
and the coating layer to have the respective thermal expansion coefficients which substantially match with each other 
within a measurement tolerance. In order to control the thermal expansion coefficient where the standard thermoplastic 
polymer having no liquid crystal phase or the standard thermosetting resin such as epoxy resin is empfoyed for the coat- 
ing layer, special operations are required to add an inorganic powder or an inorganic cloth to the coating layer, and to 

25 control the proportion of the additive in the coating layer or to control the cross-linking density of polymer molecules 
forming the coating layer. However, in the case of the liquid aystal polymer coating layer, it can easily be accomplished 
with the simple heat treatment owing to the unique properties of the liquid crystal polymer molecules. 
[0040] As described above, the present invention makes use of the unique feature of the liquid crystal polymer in 
which the molecules of the liquid crystal polymer can easily be oriented and can exhibit the excellent intra-layer sepa- 

30 rability when formed into a film. Because of this, the thin liquid crystal polymer coating layer of the present invention can 
be easily formed by initiating the intra-layer separation when the liquid crystal polymer film hot-pressed to the surface 
of the base material is being peeled off from the base material, so as to leave a fraction of the thickness of the liquid 
crystal polymer film on the base material. 

[0041] The method of making the metal-polymer laminate of the present invention which wilt be described subse- 
ts quently is closely associated with the liquid crystal polymer coating method of the present invention in that the intra- 
layer separability of the liquid crystal polymer is utilized, provided that the base material in the above described liquid 
crystal polymer coating comprises a metallic toil. 

[0042] The method of making the single-sided metal-polymer laminate according to the present invention can be prac- 
ticed by separating the double-sided metal-polymer laminate, which comprises the layer of the liquid crystal polymer 

40 having its opposite surfaces bonded with upper and lower metallic toils, into first and second single-sided metal-polymer 
laminates. The resultant first single-sided metal-polymer laminate comprises the upper metal foil having a lower surface 
to which a portion of tiie liquid crystal polymer layer is bonded whereas the resultant second single-sided metal-polymer 
laminate comprises the lower metal foil having an upper surface to which the remaining portion of the liquid crystal pol- 
ymer layer is bonded. Thus, with no need to use such release film hitherto required in the practice of the prior art 

45 method, not only can the single-sided metal-foil laminates be easily obtained, but also two single-sided metal-toil lami- 
nates can be obtained at a time through a single peel-off process and the speed of manufacture of the laminate is 
accordingly substantially twice that required to manufacture the single laminate. 

[0043] In the practice of the single-sided metal-polymer larrunate making method of the present invention, the double- 
sided metal-polymer laminate is preferably made by sandwiching the liquid crystal polymer film between two metallic 
50 foils to provide a sandwich structure which is subsequently hot-pressed by means of a hot-press. The single-sided 
metal-polymer laminates according to the present invention are manufactured by means of the method of the present 
invention described hereinat^ove. 

[0044] The single-sided metal-polymer laminate of tiie present invention includes the liquid crystal polymer layer hav- 
ing a thickness preferably not greater tiian 15 \im. Also, the liquid crystal polymer layer in the single-sided metal-poly- 
55 mer laminate of the present invention has a segment orientation ratio (SOR) which is preferably not greater than 1 .3. 
[0045] The parts-mounted circuit t)oard of the present invention makes use of the above described single-sided metal- 
polymer laminate on which electronic connponent parts are mounted and connected electrically 
[0046] The multi-layered parts-mounted drcuit board of the present invention is of a structure in which tiie single- 
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sided metal-polymer laminate of the present invention is laminated with a similar 

or any other laminate, and electronic component parts are mounted on at least one surlace of the multi-layered parts 



mM-n ?n the oractice of the method of making the double-sided metal-polymer laminate according to the pr^ent 
^ \. a lliS ami S to arS is then hotire^ed to one of opposite surfaces of the liquid crystal polymer layer 
7:lX?di^m^^^^^^^ the metal foil to thereby complete ^-.^f -^t^'-P^'^' 

mer SateThe doubLided metal-foil laminate of the present invention is manufactured m this manner^ 
SSiai The" aSaraL for making the single-sided metal-polymer laminate according to the Pl^ffnt invention com- 
fS^r^Sce for hot-pressing the liquid crystal polymer film sandwiched between firet and second metal 
foTsTn a SBT^iSre fn a di^ec^on across L thic^ess of the liquid crystal polymer film, and a separa ng device 
S s plXt Sr^^^^ metal-pdymer laminate Into f ^st and second single-sided metal-polymer lam- 
inates along a plane intermediate of the thickness of the double-sided metal-poVmer lamina e. 
Si9l i2 hereinbefore discussed, one of the important features of the present invention lies in the utiizaton o the 
SS^ LrlSStTJwnS^y the iquid crystal polymer layer, that is, the capability of the liquid crystal polymer laye^ 
SXS^tS Vnto'two pJlymer^plies. so that the intended -gi-ided -etal-po,ymer 'a--«e -^^^ 
obL' ed wKhout allowing the unique mtra-layer separability to be lost during the ^^^^^^^S^^^f^^l^^^ 
it i= o«cn*iai that the llauki crvstal polymer layer even though softened is not caused to melt and, therefore, tne tern 
nlSre of riLT^^^^^^^^ shild not exceeS the melting point thereof. However, the liquid aystal pol- 

SmeSdoe^^^^^^^^^ 

hX S^S^o crystal polymer layer. By way of example, if the liquid crystal polymer ilm or ^^VJ^f^ 

« of a lemoerature close to. but lower than the melting point thereof (for example, consistently in the 

t^^J^^rf a teleSeSi^ by 15-C than the melting point thereof), the melting point at the starting time will 

Serthl-m T:^^^^^ value higher by'about 120«C than the melting point t^-of^^^^^^^^^^^ 

ime Thus at the time the melting point of the liquid crystal polymer film or layer has increased to^^^^e temperature 

Shenhan til^'^t re sorting timrthe intra-separabifity of the lk,ukl crystal polymer film or layer will not be lost pro- 

uHfiri that it is healed to a temperature lower than the increased melting point thereof. 

iS^TVZ ^i^i^Zeseni invention, the hot-pressing may be carried out by the use of a ^ot-pre^ n,a<^'"e. 
a ^Sium |!o?-Sr^s machine or a hot roll press. Alternatively, a press machine, a vacuum press machine or a roll 
nrSseach having a separate heating means installed substantially adjacent thereto, can be used 
foSl ^e Se-sS^^ laminate of the present invention can be used not only as a material for circurt sub- 

S b^Jal^fn a variety^^^^^ 

S2e?lSy w^^^^^ the single-Sided metal-foil laminate of the present invention is used as a material for c^cuit 
«^tes^t Is Sable that the physical property such as the thermal expansion coefficient of the liquid crystal poly- 
meXnVfLfS^^^^^ 

CorS however, thatthe liquid crystal polymer molecules tend to be easily oriented formation of the 
Sc^sS poS *e standarJf ilm forming method would result in that the liqud crystal Polymer form ng 
he 'mSr>^Seculesstrongly orient 

tauW crystal polymer film having the molecules strongly oriented in the film forming dir^on is "«?f ^J^f^^^^^^^ 
Se siSe-sided metal-polymer laminate, the liquid crystal polymer layer in the resurtant s>ngle-sKled l-pcrfymw 
Smin^e w^l^e Hs nSlecules strongly oriented in the film forming direction as is the case with the raw ma er«| Wrn 
anT^!^r^oreTe physical property ^ch as the themial expansion coeff icient in the f Mm forming direction will become 
different from that in the direction perpendicular to the film forming direction. u . 

JoS n vTew of the foregoing . the single-sided metal-polymer laminate for use as a material for thecircuit substrat^ 
KraSy Ta nallre in which the liquid crystal polymer film used therein has an isotropy (with SOR not greater than 



MmT As here nbefore discussed, the present invention is intended to provide the laminate comprising the elecfrK 
Sina fover made of the liquid crystal polymer and the metallic foil layer, wherein the liquid crystal polymer layer can 

WcTs dating teyer made of the liquid crystal polymer has an isotropic molecular orientation. Accordingly the liquri 
c^ JS^X^X^r used in the single-sided metal-polymer laninate of the present invention makes it possibfo to pro- 
vW?*e S sistrate comprising the thin liquid crystal polymer layer and the metal foil layer, which substrate h^ 
teen SSTfor. becauTe of t^e feature of the thin tiiickness secured and because of the isotropic molecule on- 

S^?"' in any event, the present invention will become more clearly understood from tiie following description of pren 
SemSXente hereof, when taken in conjunction with the accompanying drawings. However, the enjx,d.ments 
Se drawLgs are given only for the purpose of illustration and explanation, and are not to be taken as limrting ti^e 
S^rof th "present invention in any way whatsoever, which scope is to be delerm»ied by the appended dairns^ln tiie 
^mpanyir^ drawings, like reference numerals are used to denote like parts throughout tiie several views, and. 
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Figs, la to 1c schematically illustrate the sequence of forming a coating on a base material with the use of an iso- 
tropic liquid crystal polymer f Om. showing a coating method according to a first preferred embodiment of the present 
invention; 

Figs. 2a to 2g schematically illustrate the sequence of formation of a single-sided metal-polymer laminate, showing 
5 a laminate forming method according to a second prefen-ed embodiment of the present invention; 

Fig. 3 is a schematic front elevational view showing an apparatus for making the single-sided metal-polymer lami- 
nate according to the present invention; 

Fig. 4 is a schematic side view of a parts-mounted circuit board according to a third preferred embodiment of the 
present invention; 

10 Fig. 5 is a schematic side sectional view of a multi-layered circuit board according to a fourth preferred embodiment 
of the present invention; and 

Rg. 6 is a schematic side view showing a measuring apparatus for measuring the segment orientation ratio. 

[0055] A method of forming a coating on a base material according to a first preferred embodiment of the present 
15 invention is shown in Figs, la to 1c. As shown in Fig. la, a sheet-like coated material 1 comprises a liquid crystal pol- 
ymer film 2 thermally bonded to a sheet-like base material 3. The liquid crystal polymer film 2 has a segment orientation 
ratio (SOR) not greater than 1 .3 and has a thickness not smaller than 1 5 fim. The liquid crystal polymer film 2 is subse- 
quently peeled off substantially as shown in Fig. lb. Because of the advantageous utilization of the intra-layer separa- 
bility of the liquid crystal polymer film 2, the peel-off process can be effected easily. The peeling of the liquid crystal 
20 polymer film 2 results in separation of the liquid crystal polymer film 2 into two thin liquid crystal polymer plies 2a and 
2b with the liquid crystal polymer ply 2a left firmly bonded to the base material 3 while the ply 2b is being peeled off. 
After the liquid crystal polymer ply 2b has completely been peeled off. the liquid crystal polymer ply 2a remains bonded 
f inily to the base material 3 to thereby form the coated material 1 as shown in Fig. 3c. 

[0056] In this way, the coated material 1 including a liquid crystal polymer coating having the SOR not greater than 
25 1 .3 and a thickness not greater than IS^m can easily be obtained owning to the advantageous utilization of the intra- 
layer separability of the liquid crystal polymer film. 

[0057] A method of making the single-sided metal-polymer laminate according to a second prefen-ed embodiment of 
the present invention is shown in Figs. 2a to 2g. A double-sided metal-polymer laminate 1 1 comprising the liquid crystal 
polymer film 2 having its opposite surfaces thermally bonded with upper and lower metal foil layers 3 as shown in Fig. 
30 2a is divided, as shown in Fig. 2b. along a plane intermediate of the thickness of the double-sided m6taii30lymer lami- 
nate 1 1 so as to separate the liquid crystal polymer film 2 in a thicknesswise direction indicated by Z to provide first and 
second single-sided metal-polymer laminates 1 la and lib, as shown in Fig. 2c. each comprising a divided liquid crystal 
polymer layer 2 and the upper or lower metal foil layer 3. 

[0058] The process of cfivision shown in Fig. 2b is canied out by the utilization of the intra-layer separability of the 
35 liquid crystal polymer film as is the case with the foregoing embodiment and can therefore be easily carried out The 
method so far described with reference to Figs. 2a to 2c does not require the use of the. expensive release film hitherto 
required in the practice of the prior art method and is effective to provkle the two single-sided metaliX)lymer laminates 
simultaneously. 

[0059] Either of the resultant single-sided metal-polymer laminates, for example, the single-sided metal-polymer lam- 

40 inate 1 lb. may further be provided with a similar or different metal foil 3a hot-pressed to one of opposite surfaces of the 
liquid crystal polymer film layer 2 remote from the lower metal foil layer 3 as shown in Fig. 2d to provide the doubie-sided 
metal-polymer laminate 1 1c as shown in Fig. 2e. However, the double-sided metal-polymer laminate 1 1c so obtained 
comprises the liquid crystal polymer layer 2 of a thickness substantially half the thickness thereof in the starting double- 
side metal-polymer laminate 1 1 shown in Rg. 2a. 

45 [0060] The double-sided metal-polymer laminate 1 1c is subsequently subjected to the peel-off process as shown in 
Fig. 2f to separate tiie liquid crystal polymer layer 2 along a plane intermediate of the thickness thereof in the thickness- 
wise direction Z to provide first and second single-sided metal-polymer laminates 1 1d and 1 1e, as shown in Fig. 2g, 
each comprising a divided liquid crystal polymer layer 2 and the upper or tawer melal foil layer 3a or 3. By repeating the 
process of method steps shown in Figs. 2d to 2g, it will readily be understood that the thickness of the liquid crystal pol- 

50 ymer layer 2 can further be reduced. 

[0061] Fig. 3 schematically illustrates an apparatus for making the single-sided metal-polymer laminate according to 
the present invention described above. Referring now to Fig. 3. the upper metal foil 3, tiie liquid crystal polymer film 2 
and tiie lower metal foil 3. all of which are a raw material for any one of tiie single-sided metal-polymer laminates 1 la 
and 11b. are overlapped with the liquid crystal polymer film 2 intervening between the upper and lower metal foils 3. 3 

55 to thereby provide a sandwich structure. This sandwich structure is subsequently passed through a preheating cham- 
ber 20 at which the upper and lower metal foils 3, 3 and the liquid crystal polymer film 2 are preheated to the same tem- 
perature. The preheated sandwich structure is then passed tiirough a nipping region between heated rollers 21. 21, 
which forni a hot press, so that tiie upper and lower metal foils 3. 3 witii tiie liquid crystal polymer film 2 intervening tiier- 
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ebetween can be hot-pressed together to thereby provide the double-sided. metal-polymer ^"^^111^^]'"^^^^ 
dmuXsided metal-pdymer laminate 1 1 is thereatter passed through a temperature-controlled chamber 22 for adjust 
fr^Se ^^Z^^e tioutiie-sided metal-poiymer laminate 11 to a value suitable for eventual separaton of the 

si^^nT^iiTm^tpolyr^r lar^nales 1 1a and 11b which are subsequently wound around respective lake-up 

raM3l The third preferred embodiment of the present invention is directed to a parts-mounted circuit board 12 which 
^ LJM..?LhowrfnRa 4RSerrinato Fig 4 this parts-mounted circuit board 1 2 is prepared from the smgle-sided 
mSJ;^ S^^^^ or 1 i?:Shl Sc^ in Rg. 2c and in which the metal foil 3 is n^de of copper and l^s 
an llS cSrmi thereon by etching off a portion of the copper foil 3 in the parts-mounted crcurt board 12 other 
ften lJ^?i^iim one 0^^^^^^^^ printed ^ttems of electric circuits. Electronic component parts 13 «uch ^sjes^^. 
^^is ^^ZTLvonen^s areSrface-mounted on the circuit board 12 and eleclr,cally connected wrth the 
drfuuTS^r^n^e m^^^^ invention makes it possible to reduce the thickness of the ^^-^fV^^'j^^^^XiTZ 
rwhTirves aHn kSric insulating layer, the single-sded metal-polymer laminate 11a .s effect.ve to provde the 

?oi;£r;:e1,:Xer:?^^^^^^ ^--^ P-^-^ ^"^^ ^ *e pr^ent inven^on 

^ !^ h?H«T^ib«i !Sh Terence to Fig 5 As shown schematically therein, the multi-layered circuit substrate 14 
^Z^i aC« c^^^^ "^"^^^ ^° metal-polymer laminate 1 1c^ 

.rf»Tn«,n tTRfl 2e The metal foils 3 emptoyed in each of the double-sided metal-polymer laminates 1 1c is 

««« r nnrtinn nf the resoective copper foil 3 other than an area having one or more printed patterns of electric 
*f LuS c,^ JtXdlme^Z 4 has been sandwiched between these double-sided metal-polymer lam.- 

SuJrtV pe^SedScross the thickness thereof to have a plurality of through^ioles. An «"f!^« '^^^^ 

r w ♦hro.^Hh hf^ are f inallv dated at 5 to complete the plated through-holes 6 for receiving terminal elements o 

Ser iayr2 wS se^es as an eleSric insulating layer, the double-sided metal-polymer tem-nates 1 1c are effecbve 

r^rnv/iHo *hp mi ilti-lavered circuit substrate 1 4 of a reduced thickness. . , • , • 

S H^«SX?pr^^^^^^^^ will be demonstrated by way of some examples which are set forth only for 
illustrative purpose and are not fa limiting the scope of the present invention. 

* 

Example i: 

mofiGI A thermotropic liquid crystal polyester containing 27 mol % of units from 6-hydroxy-2-naphthoic acid and^ 
E of Cnte rom Sxybenz^^^ Sid was heat-kreaded through a single-screw e)clruder at a temperature erf 280 
S aot-? ^nd Jr*en through an inf^tion die. 40 mm in diameter and 0.6 mm in ^it si-- to pr^^^^^^^^^^ 

Ddvmer film having a thickness of 75 ^m. The resultant liquid crystal polymer film had a melting po n of 280 C 
and fsSmen orlteWm ratio (SOR) of 1.2 An aluminum foil (the base material to be coated) having a thickness of 
2 0 ^ir^e "s^S^t liWcrystL polymer film were, after h^nng been °-^Pf ^^^^^^ 
ori^ between upper and lower heated plates of a vacuum flat-bed hot press, evacuated to 40 mmHg. at a temper 
a^e^ 27T-C unS a pressure of 20 Kgfcm^ followed by separation that was earned out so as to allow a portK,n of 
*he liauid crvstal Dolymer film to be left on the aluminum foil. . 

SX.'Se aluminum foil is etohed o« by the use of a chemical etching techr^que^^^^^^^^^ qcnd cry Ja 
polymer coating layer. Measurement of the resultant liquid crystal polymer coating layer has shown that it has a seg 

ment orientation ratio of 1 .2 and a thickness of 30 fitn. ^ j „ ai. . 

Seal For comparison purpose, the above described liqukl crystal polymer was melted and coated on he same a u- 
S fo^ie S matS by he use of a roll coater to provide a liquid crystal polymer coating layer. When this liq- 
^J^<^ng layer was measured in the manner desaibed above, the segment orienlaton rato was 1 .5. 

Example 11 



r00691 A thermotropic liquid crystal polyester containing 27 mol % of units from 6-hydroxy-2-naphthoic acid and 73 
rSSfl of urSs wMroxybenz^ add was heat-kneaded through a single-screw extruder at a temperature d 280 
to 30^»C ^ w^ttien StrSed through an inflation die. 40 mm in diameter and 0.6 nnm in sRt prc^,^^^^^^^ 
cr^ pcJymer film having a thickness of 20 ^m. The resultant liquid ayslal polymer film had a melting point of 280 C 
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and a segment orientation ratio (SOR) of 1.03. 

[0070] The resultant liquid crystal polymer film as a material for the liquid crystal polymer coating layer and an elec- 
trolytic copper foil(the t)ase material to be coated) having a thickness of 18 were, after having been overlapped one 
above the other, heat-pressed with the use of a vacuum flat-bed hot press in a manner similar to that in Example I and 
5 is then separated so as to allow a portion of the liquid crystal polymer film to be left on the copper foil, thereby to provide 
the liquid crystal polymer coating layer After the electrolytic copper foil has been etched off by the use of the chemical 
etching technique, the liquid crystal polymer coating layer was measured, resulting in the segment orientation ratio of 
1 .03 and the thickness of 9 |xm. Example III 

[0071] A thermotropic liquid crystal polyester containing 27 mol % of units from 6-hydroxy-2-naphthoic add and 73 
10 mol % of units from p-hydroxybenzoic acid was heat-kneaded through a single-screw extruder at a temperature of 280 
to 300°C and was then extruded through an inflation die, 40 mm in diameter and 0.6 mm in slit size, to produce a liquid 
crystal polymer film having a thickness of 50 ^m. The resultant liquid crystal polymer film had a melting point of 280°C. 
a segment orientation ratio (SOR) of 1 .02 and a thermal expansion coefficient of -8 ppm/^C. 
[0072] The resultant liquid crystal polymer film as a material for the liquid crystal polymer coating layer and a rolled 
75 copper foil having a thickness of 1 0 jim and a thermal expansion coefficient of 1 8 ppmAC, were, after having been over- 
lapped one above the other, heat-pressed with the use of a vacuum flat-bed hot press in a manner similar to that in 
Example I and is then separated so as to allow a portion of the liquid crystal polymer film to be left on the copper foil, 
thereby to provide the liquid crystal polymer coating layer. After the rolled copper foil has been etched off by the use of 
the chemical etching technique, the liquid crystal polymer coating layer was measured, resulting in the segment orien- 
20 tation ratio of 1 .02 and the thickness of 1 5 fxm. The thermal expansion coefficient was found -8 ppnV^C. 

Example IV 

[0073] The base material having the liquid crystal polymer coating layer obtained in Example III was heated to 292*'C 
25 with the use of an oven of a hot-air circulating type. The rolled copper foil was etched off by the use of the chemical etch- 
ing technique. The resultant liquid crystal polymer coating layer has shown a segment orientation ratio of 1.02. a thick- 
ness of 15 ^m and a thermal expansion coefficient of 18 ppm/°C. 

Example V 

30 

[0074] The same liqukj crystal polymer film as that in Example 111 above, having the same thickness of 50 ^im as that 
in Example III. was sandwiched between an electrolytic copper foil of 18 jim in thickness as an upper metal foil and an 
electrolytic copper foil of 18 jim in thickness as a lower metal foil and was heat-pressed by a vacuum flat-bed hot press, 
evacuated to 30 mmHg. at a press temperature of 270°C under a pressure of 60 Kg/cm^. to produce a double-sided 
35 metal-polymer laminate having a thickness of 86 ^m. The liquid crystal polymer film used bad a segment orientation 
ratio of 1.02. 

[0075] The resultant double-sided metaliDolymer lan^nate was separated along a plane intermediate of the thickness 

thereof to provide two single-sided metal-polymer laminates. The liquid crystal polymer layer in each of those single- 
sided metal-polymer laminates showed a surface of separation which is smooth flat and free from fluffs. Each of the 
40 resultant single-sided metal-polymer laminates had a thickness of 43 ^m and, since the single metal foil used had a 
thickness of 18 urn, the thickness of the liquid crystal polymer layer in each of the single-sided metal-polymer laminates 
was 25 jitm, accordingly 

[0076] The metal foil in each of the single-sided metal-polymer laminate was then etched off by the use of the chem- 
ical etching technique to leave a film-like liquid crystal polymer layer which was found having a segment orientation ratio 
45 of 1 .02, with no variation having consequently occurred in the segment orientation ratio. 

Example VI 

[0077] By applying a force to upper and lower portions of the same double-sided metal-polymer laminate of 86 ^m in 
so thickness as that in Example V, which are adjacent the upper and lower metal foils, respectively, so as to separate the 
liquid crystal polymer layer upwardly and downwardly at a position different from Exanple V. a first laminate including 
the upper metal foil layer and a divided liquid crystal polymer layer and a second laminate including the lower metal foil 
and a divided liquid crystal polymer layer were prepared. 

[0078] The first laminate had a thickness of 48 ^m and. hence, the liquid crystal polymer layer of the first laminate had 
55 a thickness of 30 ^im whereas the second laminate had a thickness of 38 jim and. hence, the liquid crystal polymer layer 
of the second laminate had a thickness of 20 ^m. 

[0079] The respective metal foil layers of the first and second laminates were subsequently etched off by the use of 
the chemical etching technique. Both of the resultant liquid crystal polymer layers in the first and second laminates bad 
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a segment orientation ratio of 1 .02. Example VII ^ ts 
[00801 A thermotropic liquid crystal polyester containing 27 mol % of units from ^"'^■^■^^l^'^^^"^^^ 
mol % of units from p-hydroxybenzoic acid was heat-kneaded through a single-screw extruder at a temperature o 280 
riot °C a^wS thenStru^ed through an inflationdle. 40 mm in diameter and 0.6 rnm .^^^^^^^^^ 
crystal polymer fOm having a thickness of 16 ^m. The resultant Ikyiid crystal polymer film had a melting point of 280 C 
and a seament orientation ratio (SOR) of 1.02. , . , ^. 
[0081] The resultant liquid crystal polymer film of 1 6 ^tm in thickness was sandwiched between two eiecj^rolyhc copper 
fote each having a thickness of 18 ^m and then thermally bonded together with the use of a pair of hot pr^s rdte 
h^tS?o a roll temperature of 280oC with a line pressure of 1 00 kg/cm to thereby provide a double-sided metel-poly- 
mer laminate comprising the upper and lower metal foil layers with the liquid crystal polymer layer sandwiched therebe- 
tween This double-sided mrtal-polymer laminate had a thickness of 52 iim. 

Wmi Thereafter upper-side and lower-side portions of the douMe-sided metalDOlymer laminate were separated in 
a manneriatTey ^^^^^^^ peeled away from each other by the application of a force thereto, to divide the ^fjf^ 
prmer'ayefin^o^^^^^^ and lower polymer layers, to thereby provide a first laminate including the upper metel foil layer 
aSXr nquid aystal polymer layer and a second laminate including the lower metal foil layer and the lower liquid 

SSs]' '°r'iSnate had a thickness of 26 ,m and. hence, the liquid crystal polymer layer in the «rst^-i;^;e ^^^^^ 
a thickness of 8 pm whereas the second laminate had a thickness of 26 ^m and. hence, the liquKl crystal polymer layer 
in the second laminate had a thickness of 8 Jim. as well. ' V u -j -^Kw»i,« 

[00841 The respective metal foil layers of the f irst and second laminates were subsequently etohed off by the use of 
the chemical etching technique. Both of the resultant liquid polymer layers in the first and second laminates had a seg- 
ment orientation ratio of 1.02. Example VIII „,„,+U„lo™ 
SSsB] An electrolytic copper foil having a thickness of 18 urn is placed on the lK,uri crystal polymer 'ay o*.*^^ I^"^- 
nate of 26 urn in thickness obtained in Example VII and is then heat-bonded thereto in a manner similar to ttiat in Exam- 
s' vS to provide a laminate comprising the upper metal foil layer and a lower metal foil layer with the I«^k1 aystal 
Dolymer layer sandwiched therebetween. This resultant laminate had a thickness of 44 jim. 
rOMSl Thereafter, upper-side and lower-side portions of the laminate of 44 jxm were separated m a manner that th^ 
were peeled away from each other by the application of a force thereto, to divide the "Quid crystal P^'V^^^ 'av^; '"^ 
^etavd lower polymer layers, to thereby provide a first laminate including the upper metal foil layer and the upper 
Sid a^al pd>5ner layer and a second laminate including the lower metal foil layer and the lower liquid crystal poly- 

rawTThe first laminate had a thickness of 22 nm and. hence, the I iquid crystal polymer layer iri the first "aminate hal 
a thickness of 4 ^m whereas the second laminate had a thickness of 22 um and. hence, the liquid crystal polymer layer 

in the second laminate had a thickness of 4 fim. as well. . u ^ _« u .u^ t 

[0088] The respective metal foil layers of the first and second laminates were subsequently etched off by the use of 
the chemical etching technique. Both of the resultant liquid polymer layers in the first and second laminates had a seg- 
ment orientation ratio of 1 .02. 

Exeunple IX 

[00891 An electrolytic copper foil having a thtokness of 1 8 nm is placed on the liquid crystal polymer layer of the lam- 
nate of 22 ^m in thickness obtained in Example VIII and is then heat-bonded thereto by the use of a hot press heat«^ 
to a press temperature of 294°C under a pressure of 20 kg/cm^ to provide a laminate comprising the upper metal foH 
layer and a lower metal foil layer with the liquid crystal polymer layer sandwiched therebetween. This r^ultant laminate 
had a thickness of 40 ^m. Thereafter, the metal foil layers in this laminate were subsequently etched off to define a cir- 
cuit within an area of 15 X IS mm. which circuit is thermally fitted to a semiconductor chip to thereby complete a parts- 
mounted circuit board. 



Example X 



[00901 An electrolytic copper foil having a thickness of 18 urn is placed on the liquid crystal polymer layer of the lam- 
inate of 22 iim in thickness obtained in Example VIII and is then heat-bonded thereto by the use of a hot press heated 
to a press temperature of 294»C under a pressure of 20 kg/cm^ to provide two laminates each compnsing the upper 
metal foil layer and a lower metal foil layer with the Iquid crystal polymer layer sandwiched therebetween. Each of the 
resultant laminates had a thickness of 40 jim. Thereafter, a circuit pattern was fom^ed by the use of an etching tech- 
nioue on the metal foil in each of the resultant laminates of 40 ^m in thickness. The same liquid crystal polymer film o 
50 urn in thickness as that used in Example III was sandwiched between the two laminates having the respective arcuit 
patterns formed thereon and was then heat-bonded together by the use of a hot press heated to a press temperature 
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of 2WC under a pressure of 10 kg/cm^ to provide a single laminate of a multi-layered structure. Then, portions of the 
circuit patterns which eventually sen/e as terminal connections were drilled to form through-holes which were subse- 
quently copper-plated by means of a aimson non-electrolytic plating method to thereby complete a multi-layered circuit 
substrate. 

5 [0091] As hereinbefore fully described, the present invention is effective to provide a means for forming the isotropic 
liquid crystal polymer coating layer and, in particular, a means for forming the isotropic liquid crystal polymer coating 
layer having a thickness not greater than 15 ^im and the isotropic liquid crystal polymer coating layer having a thermal 
expansion coefficient that is equal to or substantially equal to that of the base material. 

[0092] Also, according to the present invention, the single-sided metal-polymer laminate utilizing the liquid crystal pol- 
10 ymer can be manufactured with no need to use any release film hitherto required. For this reason, the cost hitherto 
incurred by the use of the release film can be eliminated. Also, since two single-sided metal-polymer laminates can be 
manufaclijred from the single double-sided metal-polymer laminate through a single process, the single-sided metal- 
polymer laminates according to the present invention can be produced at a speed substantially twice that required 
according to the prior art method, accompanied by increase in productivity. 
15 [0093] In addition, as hereinbefore fully described, the present invention is effective to provide the laminate comprising 
the ultra-thin liquid aystai polymer layer and the metal foil layer and the laminate containing the liquid crystal polymer 
layer having a segment orientation ratio that is uniform in any direction in a plane. 

[0094] Although the present invention has been fully described in connection with the preferred embodiments thereof 
with reference to the accompanying drawings which are used only for the purpose of illustration, those skilled in the art 
20 will readily conceive numerous changes and modif ications within the framework of obviousness upon the reading of the 
specification herein presented of the present invention. Accordingly, such changes and modifications are, unless they 
depart from the scope of the present invention as delivered from the claims annexed hereto, to be construed as included 
therdn. 

25 Claims 



1 . A coating method which comprises the steps of: 

applying to a base material a polymer film prepared from a polymer capable of forming an optically anisotropic 

30 melt phase and having a segment orientation ratio of not greater than 1 .3; 

heat-bonding the polymer film to the base material to provide a laminate; and 
peeling the film so as to leave a thin layer of the film on the base material. 

2. A coated material comprising a base material and a coating layer left thereon, which is obtainable by the coating 
35 method as defined in Claim 1 



3. The coated material as claimed in Claim 2, wherein the coating layer has a thickness not greater than 15 \im. 



4. A coated material which comprises a base material and a coating layer made of a polymer capable of forming an 
40 optically anisotropic melt phase and having a thickness not greater than 15 ^m for coating the base material, 

wherein the coating layer has a segment orientation ratio of not greater than 1.3. 

5. The coated material as claimed in Claims 2, 3 or 4, wherein the coating layer has a thermal expansion coefficient 
which is substantially equal to that of the base material. 

45 

6. A method of making a single-sided metal-polymer laminate which comprises the steps of: 

preparing a double-sided metal-polymer laminate including first and second metal foil layer and a layer of a pol- 
ymer capable of forming an optically anisotropic melt phase, said polymer layer being sandwiched between the 

50 first and second metal foil layers; and 

dividing the double-sided metal-polymer laminate so as to separate the polymer layer in a thicknesswise direc- 
tion to provide a first single-sided metal-polymer laminate including the first metal foil and a layer of the polymer 
capable of forming an optically anisotropic melt phase and a second single-sided metal-polymer laminate 
including the second metal foil and a layer of the polymer capable of forming an optically anisotropic melt 

55 phase. 

7. The method of making the single-sided metal-polymer laminate as claimed in Claim 6. wherein said preparing step 
is canried out by sandwiching a film of the polymer capable of forming an optically anisotropic melt phase between 
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the first and second metal foils in a layered fashion and hot-pressing them together. 

8. A single-sided metal-polymer laminate obtainable by the method as defined in Claim 6 or 7. 

9. The single-sided metal-polymer laminate as claimed in Claim 8. wherein the layer of the polymer contained in the 
single-sided metal-polymer laminate and capable of forming the optically anisotropic melt phase has a thickness 
not greater than 1 5 ^m. 

10. The single-sided metal-polymer laminate as claimed in Claim 8, wherein the layer of the polymer contained in the 
single-sided metal-polymer laminate and capable of forming the optically anisotropic melt phase has a segment ori- 
entation ratio of not greater than 1.3. 

11. A single-sided metal-polymer laminate which comprises a layer of a polymer capable of forming an optically aniso- 
tropic melt phase and having a thickness not greater than 15 ^m and a metal foil layer bonded to one of opposite 
surfaces of the polymer layer, said layer of the polymer having a segment orientation ratio of not greater than 1 .3. 

12. A parts-mounted circuit board which comprises a single-sided metal-polymer laminate as defined in any one of 
Claims 8 to 1 1 , and at least one electronic component part nfiounted on the single-sided metal-polymer laminate. 

13. A multi-layered parts-mounted circuit board which comprises a multi-layered laminate including a single-sided 
metal-polymer laminate as defined in any one of Claims 8 to 1 1 , said single-sided metal-polymer laminate being 
overlapped with at least one laminate which is the same as or different from said single-sided metal-polymer lami- 
nate, and at least one electronic component part mounted on the multi-layered laminate. 

14- A method of making a double-sided metal-polymer laminate, which method comprises the steps of: 

applying a metal foil to the polymer layer of the single-sided metal-polymer laminate. as defined in any one of 
Claims 8 to 11 : and 

hot pressing the metal foil and the single-sided metal-polymer laminate together to provide the double-sided 
metal-polymer laminate. 

15. A double-sided metal-polymer laminate obtainable by the method as defined in Claim 14. 

16. An apparatus for making a single-sided metal-polymer laminate, said apparatus conprising: 

a hot press device for hot-pressing a film in a direction across a thickness thereof to provide a double-sided 
metal-polymer laminate, said film being made of a polymer capable of forming an optically anisotropic melt 
phase and being sandwiched between first and second metal foils; and 

a separating device for dividing the double-sided metal-polymer laminate so as to separate the polymer layer 
in a thicknesswise direction to provide a first single-sided metal-polymer laminates including the first metal foil 
and a layer of the polymer capable of forming an optically anisotropic melt phase and a second sIngle-skJed 
metal-polymer laminate including the second metal foil and a layer of the polymer capable of forming an opti- 
cally anisotropic melt phase. 
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Fig. 6 
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Coating method utilizing a polymer film and method of making metal-polymer laminates 



(54 

(57) A coating layer of a polymer capable of fomning 
an optically anisotropic melt phase is formed by heat- 
pressing to a base material (3) a film (2) made of the 
polymer and having a segment orientation ratio of not 



greater than 1.3 and then separating the film into two 
halves (2a,2b) so as to leave one of the halves (2a) on 
the base material (3), thereby obtaining a coated mate- 
rial made of the base material and the thin coating layer. 
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